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Appl.No. 10/623,448 

Amdt dated February 17. 2005 

Reply to Office Action of October 20, 2004 

Amendmepts to the Claims 

This listing of claims will rqplace all prior versions, and listings, of claims in tte 
application: 

Listing ofCiaima 

1. (Canceled) 

2. (Currently Amended) Th e dif&aotion d e viop oooording to oloim 1 A diffraction device 
for periodically dividing an electromagnetic wave, the diffraction device comurisinir: 

an input medium contacting the diffraction pratinig: and 

an output medium contacting the difiracrion pratincL wjth at least eith er one of the input 
medium and output medium comprising a photonic crystal having a periodic characteristic in 
sin gle direction, or the diffraction eratine comprising a photonic civstaK which periodically 
divides elect romagnetic waves to produce a phase difference in a wave front with differences in 
optical orooagation distances between the divided electromagnetic waves. 

wherein the photonic crystal satisfies ttie condition of 
2<|(AX/Ao)/(AcD/<uo)|, 

whereas Ao rqjresents the wavelength of a propagating wave when an electromagnetic 
wave having frequency ©o propagates in a specific direction in the photonic crystal, and AX 
represents the change of wavelength relative to an electromagnetic wave having frequency 
Acd+mo when the frequency (Do is changed by a slight amount 

3. (Currently Amended) Th e diffraction dovioo aooording to oloim 1 A diffraction device 
for periodically dividing an electromagnetic wave, the diffraction device comprising: 

a diffraction grating: 

an input medium contacting the diffraction grating: and 

an output medium contacting the diffraction prating, with at least either one of the input 
medium and output medium comprising a photonic crvstal havmg a periodic characteristic in 
single direction, or the diffraction grating comprising a photonic crvstaK which periodically 
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divides electromagnetic waves to produce a phase difference in a wave front with differjeiic.es 

optical orot^agation distances bct^^een the divided electromagnetic waves . 

wherein the photonic cr>'$tal includes a periodic direction and said at least either one of 
the input medium and the output medium comprising the photonic crystal, includes end surfeces 
perpendicular to the periodic direction of the photonic crystal as an input smfacerand'an^ou^ut 
surface, the photonic crystal includes a photonic band gap and a photonic band in the vicinity of 
the photonic band g^, and the electromagnetic waves ent^ing the input surface are propagated 
by the photonic band. 

4, (Currently Amended) The diffraotion dovioo oooording to claim 1 A difftaction device 
for periodically dividing an electromagnetic wave> the diffraction device comprising: 

ft.^iffractioBgrftt^nB; 

an inpnt medium contacting the diffraction grating: and 

an output medium contacting the diffraction grating, with at least either one of the input 
medium and output medium comprising a Dhotonic crystal having a periodic characteristic in 
single direction, or the diffraction grating compri sing a photonic carvstaL w hich periodically 
divides electromagnetic waves to produce a phase difTergnce in a wave front with differences m 
optical propagation distances between the divided electromagnetic waves. 

wherein the photonic crystal includes end surfaces from which the periodic characteristic 
is exposed as an input surface and an output surfrice» a photonic band structure having a line» 
which is ether a BriUouin zone boundary line or a central line, and a photonic band, and 
electromagnetic waves entering the input surface are propagated by one of: 

the photonic band, which exists on the Brillouin zone boundary line of flie photonic band 
structure or in the vicinity of the Brillouin zone boundary line; and 

the photonic band, which exists on the central line of the photonic band structure <xr in the 
vicinity of the central line. 

5. (Original) The diffraction device according to claim 4, wherein the photonic crystal 
includes an end surface parallel in the periodic direction of the photonic crystal as an ii^ut 
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sxirface and an output surface, the photonic crystal including a period, the diffraction device 
further comprising: 

an input phase modulating unit for generating a phase modulation wave having period 
tliat is the same as or two times the period of the photonic crystal, wherein the input phase 
modulating unit is arranged contacting, near» or integrally with the input surface. 

6< (Original) The diffraction device according to claim 5, wherein the phase moduiatfng 
unit is a phase grating having a period that is the same as or two times the period of the photonic 
crystal 

7. (Original) The diffractipn device according to claim 4, wherein the photonic oryrtal 
ou^uts wave, the diffraction device further comprising: 

an output phase modulating unit tot converting the li^t ou^ut from the photonic cental 
to a plane wave, with the output phase modulating unit arranged contacting, near, or int^ralfy 
with the output surface. 

8. (Original) The diffraction device according to claim 4, wherein the photonic crystal 
has a periodic direction and an inclined input surface or inclined output sur&ce that is inctiaed 
relative to the periodic direction of die photonic crystal, and inputs a plane wave to the inclined 
input surface or ou^uts a plane wave from the inclined output surface. 

-9. (Currently Amended) Th e diffrootioD devic e according to cloim t A diffraction device 
for oeriodi cftllY div^dttif> aw fttee tromagnetic wave> the diffraction device comprising: 
a diffraction grating: 

an input medium contacting the diffraction grating: and 

an ou^ut medium contacting the diffraction gating, with at least either one of the input 
medium and output medium comnrising a photonic crvstal having a periodic characteristic in 
single dire ction, or the diffraction esratinig comprising a photonic crystal, which periodically 
divides el ectromagnetic waves to produce a phase difference in a wave front with diffqences in 
ootical nronagatton dista nces behyeen the divided electromagnetic waves. 
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wherein the photonic crystal has an end surface, which includes a reflectdve difj&action 
grating that comprises said difJ&action grating, and when electromagnetic waves including plural 
frequency components are input to the photonic crystal, the reflective diftaction grating 
produces diffracted wave for each of the plural frequency components of the electromagnetic 
wave in different directions. 

10. (Original) The dif&action device according to claim 9, the diffraction device maybe 
used with an electromagnetic wave detector and the photonic crystal includes a periodic dirccdaa 
and the input medium and the output medium both comprise the photonic crystal and fimna 
waveguide having an input surface and end sur&ce parallel to the periodic direction of the 
photonic crystal, with flie reflective diffraction grating comprising a blazed reflective dif&action 
grating arranged in the end surface of the waveguide, and the diffiaction device forming a 
demultiplexer for outputting electromagnetic waves, which include plural frequency components 
input from the input surface of the waveguide, with the blazed reflective diffraction grating frtsn 
the input surface as diffraction waves in different directions for each frequency componait to 
couple the electromagnetic waves with the electromagnetic wave detector or the waveguide* 

1 1 . (Original) The diffraction device according to claim 10, further comprising: 

a lens element having a convex lens effect to input the electromagnetic waves including 
plural frequency components to the input surface of the waveguide as parallel Ught bundle, 
wherein electromagnetic waves output from die waveguide are collected by the lens element and 
coupled with the electromagnetic wave detector when used therewith or the waveguide. 

12. (Original) The diffraction device according to claim 10, wherein the input sur&ce of 
the waveguide comprises a convex lens-like input surface, with the electromagnetic waves 
including plural frequency components being input to the waveguide as a parallel light bundle 
produced by the convex tens^Uke input sxirfacc, and collected light bundle produced by the input 
surface of the convex lens-like surface from the electromagnetic wave output from the photonic 
crystal in different dirccdons Sot each frequency component coupled with the electromagnetic 
wave detector when used dierewith or the waveguide. 
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13. '(Original) The diffpaction device -according to claim 10, wherein the blazed rcflctfore . 
diffraction grating has a concave mirioF-like dif&action grating surface and «)llects 
electromagnetic waves separated into frequency components with the concave minor-like 
diffraction grating surface and cu^uts the collected electromagnetic waves from the waveguide. 

14. (Original) The dif&action device according to claim 10, wh^ein the waveguide is a 
slab waveguide. 

15. (Original) The diffraction device according to claim 10, wherein the photonic aystal 
includes a period^ the diffraction device further comprising: 

an input phase modulating unit for generating a phase modulation wave having a poiod 
that is the same as or two times the period of the photonic crystal, wherein the input i^sase 
modulating unit is arranged contacting, near, or integrally with the input surface of die 
waveguide. 

16. (Original) The dif&action device according to claim 15, wherein the it^ut phase 
modulating unit is a phase grating having a period that is &e same as or two times the period of 
the photonic crystal. 

17. (Currently Amended) Th e diffraction d e vice aooording to claim 1 A diffraction 
device for periodically dividing an electromagnedc wave, the diffraction device comprising: 

a diffiraction grating: 

an input medium , contacting the dif&action grating: and 

an output medium contacting the diffraction gratinp, with at least either one of the input 
medium and output medium comprising a photonic crystal having a periodic characteristic in 
single direction, or the diffraction prating comprising a photonic crystal, which periodicallv 
divides electromagnetic waves to produce a phase differefiQe }n a wave famt with differences in 
optical propagation distances between the divided electromagnetic waves, and 
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an array waveguide diffraction grating including an input slab waveguide connected to 
the input waveguide, an output slab waveguide connected to outpiit waveguide, and an arrayed 
waveguide connected between the two slab waveguides and generating an optical path length 
difference, with the aixayod waveguide comprised of the photonic crystal as the diffiaction 
grating that periodically divides electromagnetic waves and produces a phase difference in die 
wave fronts of the divided electromagnetic waves. 

18. (OriginaO The difSraction device according to claim 17, wherein the anayed 
waveguide includes a plurality of waveguides^ each comprised of the photonic crystal, and 
adjacent waveguides have different lengths. 

19. (Original) The dififraction device according to claim 17, wherein the anayed 
waveguide includes a plurality of waveguides, each comprised of the photonic crystal wift 
adjacent waveguides having the same length, and by changing the period, material, or 
configuration of the photonic crystal comprising each of the waveguides, an optical path length 
difference is produced between adjacent waveguides. 

20. (Original) The diffraction device according to claim 17, wherein the input waveguide^ 
the input slab waveguide, and the arrayed waveguide each have an input surface, the dif&action 
device further comprising: 

an input phase modulating unit for generating a phase modulating wave having a period 
that is the same or two times the period of the photonic crystal configuring the arrayed 
waveguide, with the phase modulating unit ananged contacting, near, or integrally with one of 
the input surface of the input waveguide, the input surface of the input slab waveguide, and the 
input surface of the arrayed waveguide. 

21. (Original) The diffraction device according to claim 17, wherein the ou^ut 
waveguide, the output slab waveguide, and the arrayed waveguide each have an ou^ut surface, 
the dif&action device further comprising: 
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ax) output ph^e-modulatiug'^unit for converting wave output from the arrayed waveguide 
to a plane wave, with the output phase modulating unit arranged contafiting, near, or integrally 
with one of the output surface of the output waveguide, the output surface of the output slab 
waveguide, and the output surface of the arrayed waveguide. 

22. (Original) The diffraction device according to claim 17, the photonic crystal indodcs 
a period and the phase modulating unit is a phase grating having a period that is the same or tv^o 
times the period of the photonic erystal configuring the arrayed waveguide. 

23. (Canceled) 
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